The disposal of basic sodium aluminate and acidic U(VI)-Cu(II) wastes in the now-dry North and South 300 A Process Ponds at the Hanford site resulted in a groundwater plume of U(VI). To gain insight into the geochemical processes that occurred during waste disposal and those affecting the current and future fate and transport of this uranium plume, the solid-phase speciation of uranium in a depth sequence of sediments from the base of the North Process Pond through the vadose zone to groundwater was investigated using standard chemical and mineralogical analyses, electron and X-ray microprobe measurements, and X-ray absorption fine structure spectroscopy. Nearsurface sediments contained uranium coprecipitated with calcite, which formed due to overneutralization of the waste ponds with base (NaOH). At intermediate depths in the vadose zone, metatorbernite [Cu(UO 2 PO 4 ) 2 ‚8H 2 O] precipitated, likely during pond operations. Uranium occurred predominantly sorbed onto phyllosilicates in the deeper vadose zone and groundwater; sorbed uranium was also an important component at intermediate depths. Since the calcite-bearing pond sediments have been removed in remediation efforts, uranium fate and transport will be controlled primarily by desorption of the sorbed uranium and dissolution of metatorbernite.
Introduction
Plutonium production at the Hanford site in Washington State resulted in subsurface contamination at locations of nuclear fuel fabrication, fuel irradiation, strategic radionuclide separation, and waste storage and disposal. One area of concern includes the North and South 300 A Process Ponds in the 300-FF-5 Operable Unit. These waste-disposal ponds lie approximately 100 m west of the Columbia River at the south end of the Hanford site; they received basic sodium aluminate and acidic U(VI)-Cu(II) waste streams from the dissolution of nuclear fuel and fuel rod cladding from 1943 to 1975. The two ponds received approximately 58 000 kg of U; 238 000 kg of Cu; 1 156 000 kg of F -; 243 000 kg of NO3 -; large amounts of Al as Al(OH)4 -; and lesser undocumented amounts of Ni, Cr, Zn, and P. The pH of the pond water was temporally variable, ranging from 1.8 to 11.4. Sodium hydroxide was frequently added when the pH was acidic to minimize leaching of Cu and U through the vadose zone into the underlying unconfined aquifer and onto the Columbia River. Waste disposal nevertheless resulted in a groundwater plume of U(VI) (Figure 1 ) that persists to this day (1) .
The longevity of the 300 A Hanford groundwater U plume, despite attempted source term removal and copious water flow through the aquifer to the Columbia River, prompted an investigation into the processes controlling the release and transport of uranium at this site (1) . The mildly alkaline pH and relatively high carbonate concentrations of the 300 A porewaters are conditions that normally suppress U(VI) adsorption on iron oxide-poor sediments (2) (3) (4) , as exist here, yet significant sorbed U(VI) concentrations (up to 250 mg kg -1 of U) are observed in the vadose zone (5) . This sorbed U(VI) is believed to sustain the groundwater plume through desorption as meteoric water infiltrates the vadose zone from above and seasonal river stage fluctuations cycle groundwater into the lower vadose zone from below (6) . Laboratory studies of U(VI) desorption from the contaminated sediments (5, 6) showed unexpectedly slow release, consistent with control by solid-phase dissolution or diffusion. Wang et al. (7) found evidence for U(VI) substitution in calcite at this site, but there is no speciation data that could explain the patterns in desorption noted for samples varying in U concentration and depth in the vadose zone. Within the context of a regulation-driven, scientifically sound remedial action assessment, the identities of solid-phase U chemical species and quantitative information on U desorption kinetics are needed to predict future U(VI) fluxes from the vadose zone to groundwater.
To contribute to a conceptual geochemical model for the site [e.g., (8) ] and to provide insights on geochemical controls on desorption, we determined the molecular-level speciation of uranium in a depth sequence of U-contaminated sediments from the 300 A North Process Pond. Standard chemical and mineralogical analyses, X-ray microprobe (XMP) and electron microprobe (EMP) measurements, and X-ray absorption fine structure (XAFS) spectroscopy were applied to a series of samples that progressed from the bottom of the waste pond, through the underlying vadose zone, and to the U groundwater plume. Speciation measurements helped to define the geochemical processes that occurred during waste disposal and the plausible geochemical reactions that determine the current aqueous U concentrations and Ucontaining species. Knowledge of the uranium species formed during disposal and still present, and their depth distribution, provided a basis for interpreting current porewater compositions and for estimating how they might change in the future.
Materials and Methods
Sediment Collection and Analysis. Contaminated sediments were collected at two different times from the Hanford 300 A Process Pond complex (300-FF-5). The first sampling campaign collected sediments directly from the base of the drained North Process Pond in two locations (NP 1 and NP 4). Samples were collected at different depths at both locations, four of which were selected for this study: NP 4-1 (0.3 m depth), NP 4-2 (0.6 m depth), NP 1-4.5 (1.4 m depth), and NP 1-6 (1.8 m depth). The second sampling campaign occurred after two remediation events removed several meters of material from the pond base. Three samples from this second sampling were selected for this study: NPP 2-0.5 (0.15 m depth), NPP 2-4 (1.2 m depth), and NPP 2-GW (groundwater fines, 3.7 m depth). All listed depth values are with respect to the ground surface at the time of sampling, and the sample names are related to the sample depth in feet. As the thickness of material removed during remediation was not accurately known, a precise depth relationship could not be established between the NP and NPP samples, although all NPP samples were from several meters below the NP samples. The sediments were dry-sieved to yield a <2.0 mm size fraction for more detailed chemical and mineralogical study of the reactive components. Further details on sample collection and analysis are available in the Supporting Information.
Chemical and Mineralogical Characterization. Total elemental composition was determined by energy-dispersive X-ray fluorescence (ED-XRF) spectroscopy (KEVEX 0810A system). A method of peak analysis originally described by Nielson (9) and Nielson and Sanders (10) was used. The inorganic carbon content of the sediments was determined using a Shimadzu carbon analyzer, model TOC-V, SSM-5000A. Mineralogical analyses were performed on the bulk sediments and on the clay-sized (<2.0 µm) fraction isolated by sedimentation. Powder X-ray diffraction (XRD) measurements were performed with a Philips X'Pert X-ray diffractometer operating in a step scan mode, using Cu KR radiation and a graphite monochromator. X-ray diffraction analysis of a clay-sized (<2 µm) sediment fraction from this location was reported by Qafoku et al. (6) . Sediments from the Hanford 300 A can vary in texture, but the mineralogic composition within specific size fractions (such as sand, silt, or clay) tends to be almost identical in all samples analyzed.
Electron and X-ray Microprobe Measurements. Portions of subsamples of NP 4-1, NPP 2-0.5, and NPP 2-4 were prepared for and examined by EMP as described previously (7) . XMP measurements were made at beamline 20-ID (PNC-CAT) at the Advanced Photon Source (APS). The incident X-ray beam was focused using a pair of Kirkpatrick-Baez mirrors, and the incident beam was monochromatized using a Si(111) double-crystal monochromator. X-ray fluorescence was measured using an energy-dispersive solid-state Ge detector.
XAFS Data Collection and Analysis. For XAFS analysis, 200-300 mg of each sediment sample was packed in a Teflon sample holder, sealed with 25 µm Kapton tape, and then heat-sealed in a polyethylene bag. U LIII-edge XAFS spectra were measured at room temperature on beamline 11-2 (11) at the Stanford Synchrotron Radiation Laboratory (SSRL) and on beamline 13-BM-C (GSECARS) at the APS. On beamline 11-2, a cryogenically cooled Si(220) double-crystal monochromator was used. The collimating mirror before the monochromator, used for harmonic rejection, had a cutoff of 22 keV. A Si(111) double-crystal monochromator with the second crystal detuned ∼50% was used on beamline 13-BM-C. Fluorescence yield data were collected using a 30-element (11-2) or a 16-element (13-BM-C) solid-state Ge detector. An yttrium metal foil was mounted between two ionization chambers downstream of the sample for energy calibration; the first inflection point in the yttrium K-edge was set to 17 038 eV.
XAFS data were processed using the SIXPack (12) interface to the IFEFFIT XAFS analysis package (13) . X-ray absorption near-edge structure (XANES) spectra were backgroundsubtracted and normalized to an edge step of one. Phaseshift and backscattering amplitude functions for structural fitting of the extended X-ray absorption fine structure (EXAFS) spectra in SIXPack were generated by FEFF 8. (18) . The number of principal components was evaluated by considering spectral variance and reconstruction and the indicator function of Malinowski (19) , which minimizes for the approximate number of unique components in a set of spectra. The suitability of reference spectra as fitting components was evaluated through target testing using the SPOIL function (20) , which determines whether the use of a reference spectrum in data matrix (i.e., the set of sample spectra) reproduction will result in increased error. SPOIL values of <1.5 indicate excellent candidates, 1.5-3 good candidates, 3-4.5 fair candidates, 4.5-6 poor candidates, and >6 unacceptable candidates. The spectra of liebigite, soddyite, R-uranophane [Ca(UO2)2(SiO3OH)2‚5H2O], metatorbernite (21) , uraninite [UO2] (22) , U(VI) sorbed to montmorillonite (23) under similar chemical conditions as seen at this site (1), and metaschoepite [(UO2)4O(OH)6‚5H2O] (collected for this study) were used as initial potential reference phases. Liebigite, R-uranophane, and metatorbernite represent uranyl tricarbonate, uranophane group, and (meta)autunite group minerals, respectively; minerals in each group have generally indistinguishable EXAFS spectra at room temperature (21) . Metatorbernite was chosen as the representative of the (meta)autunite group because of high copper concentrations in the sediments.
Results and Discussion
Mineralogy and Contaminant Concentrations. All samples contained major quartz and plagioclase feldspar, with minor muscovite, chlorite, hornblende, augite, and smectite occurring in qualitatively uniform proportions (Supporting Information, Figure S3 ). The only significant variation in mineralogy was in the calcite content calculated from XRF and carbon analyses (Table 1) , which was greater in the upper pond sediment (NP) samples and decreased to below detection at depth. The uranium concentration correlated positively with the calcite content, with elevated concentrations near the pond surface and lower concentrations (though still above background) at depth. Copper and phosphorus concentrations also decreased with depth but remained above background levels, even in the lowest part of the depth sequence. Other samples were collected from the NPP depth sequence that contained U concentrations that were above background (15.2-89.2 mg kg -1 ) but which were too low for XAFS analyses.
Distribution and Element Associations of Uranium. The pond sediment (NP 4-1; Figure 2 ) consisted of clasts of variable overall composition that individually were heterogeneous composites. The abundance maps for U, Ca, and Si illustrated the granular nature of the clasts and showed directly that there was little overall correlation among elemental distributions. U occurred in sparsely distributed small inclusions (red), imbedded in a finer-grained substrate permeated by U at lower abundance (blue). Ca had a similar distribution, and U and Ca were associated at the µm scale; they occurred together in microgranular precipitates. The Si distribution was also due to the inclusion of silicate minerals of disparate size and composition in the U-and Ca-bearing material (7) . In the vadose zone materials (NPP 2-0.5 and NPP 2-4), the abundance of U was much reduced. A few U-rich inclusions were present (more in NPP 2-0.5 than in NPP 2-4), but most of the U occurred at levels below the EMP detection limit. XMP overlays of U abundance on scanning electron microscopy (SEM) images revealed that U occurred in fine, ubiquitous coatings on silicate clasts (Supporting Information, Figure S4 ). No significant correspondence of U abundance with that of other elements was observed in EMP analyses. The results were consistent with limited penetration of U from waste fluids into the deep vadose zone.
Uranium Speciation. As the concentration, distribution, and elemental associations of uranium vary with depth, uranium speciation is also expected to vary with depth. However, initial characterization by XANES spectroscopy (Supporting Information, Figure S5 ) revealed that uranium occurs in all samples primarily as U(VI). At the resolution of the U LIII-edge XANES spectra (∼0.5 eV), the presence of a small (<10%) U(IV) component cannot be ruled out.
Although the uranium oxidation state was uniform throughout the depth sequence, inspection of the U LIIIedge EXAFS spectra ( Figure 3 ) suggested that the chemical speciation of uranium changed systematically with increasing depth. The number of phases present in the samples was evaluated through PCA of the EXAFS spectra; the indicator function minimum occurred for two primary components. However, the two components accounted for only 78% of the spectral variance and did not satisfactorily reconstruct the spectra of samples NPP 2-0.5, NPP 2-4, and NPP 2-GW, especially in the k ) 8-10 Å -1 region. Inclusion of a third component improved the reconstructions and accounted for 85% of the variance. The apparent underestimation of the number of primary components by the indicator function likely occurred because of the similarity of all spectra of U(VI)containing species (inherently low variance) and the occurrence of one phase (metatorbernite) as a major component in only two of the sample spectra (see fitting results below). Selected empirical reference spectra were target-transformed in the two-and three-component systems (Supporting Information, Table S1 and Figures S6 and S7) . On the basis of SPOIL values, with two components considered, liebigite was an excellent candidate, and U(VI)-sorbed montmorillonite, metatorbernite, and uranophane were good candidates to represent real species present in the samples. With three components considered, the reference compounds were of the same merit, except that metatorbernite was ranked as an excellent candidate, and soddyite was added as a good candidate. Initial two-species linear-combination fitting of the EXAFS spectra did not produce satisfactory results for any combination of the excellent and good reference spectra, although some spectra were reproduced well. Three-species linearcombination fitting with liebigite, metatorbernite, and U(VI)sorbed montmorillonite as reference standards reproduced the data well (Figure 3a ). Although they were indicated as good candidates, soddyite and R-uranophane failed to contribute a statistically significant fraction to the spectra in any preliminary fit and were not used in the final analyses.
Although the use of three reference spectra fitted the data well (Figure 3 ), the component sums ( Table 2) were low compared to the expected sum of ∼1. This finding, along with the electron microprobe results and observations in a related study (7) , suggested that some of the chosen reference spectra were not correct. Some deviation was expected because of noise and systematic errors in the data. Considering the high solubility of uranyl tricarbonate minerals such as liebigite (25) (26) (27) and the partial microscopic association of U with Ca (i.e., in calcite) observed in the pond sediments (NP 4-1) by EMP and time-resolved laser-induced fluorescence spectroscopy (TRLFS) (7), a more realistic reference phase was probably uranium coprecipitated with calcite. This hypothesis was supported by recent TRLFS measurements of sample NP 4-1 that produced spectra similar to the spectra of U incorporated into natural and synthetic calcites (7, 28) . The variability in the EXAFS spectra of U(VI)-bearing calcites (28) (29) (30) (31) (32) suggested multiple modes of incorporation. Nevertheless, some of the spectra of U(VI)bearing calcites resembled the spectra of NP 4-1, NP 4-2, and NP 1-4.5 and were similar to the EXAFS spectra of uranyl tricarbonate minerals (e.g., liebigite, one of the fitting components) and solution complexes (e.g, [UO2(CO3)3] 4-(aq)),
FIGURE 2. Backscattered electron micrographs and elemental abundance maps of samples NP 4-1, NPP 2-0.5, and NPP 2-4. An electron micrograph for sample NPP 2-0.5 was not included as it has a similar appearance to NPP 2-4. Elemental abundances are in X-ray counts per second per nanoamp of electron current. The element abundances for sample NP 4-1 were previously reported by Wang et al. (7).
aside from distortions of some minor spectral features and generally reduced amplitude. This reduction in amplitude suggests that characteristics of the linear-combination fitting results reported above (satisfactory reproduction of the EXAFS data but component sums <1) would be expected if uranium occurred as a coprecipitate with calcite instead of as a uranyl tricarbonate phase. Furthermore, U(VI) solubility measurements performed on these sediments were not consistent with the presence of a soluble tricarbonate phase (data not shown). The steady-state U(VI) aqueous concentrations were orders of magnitude lower than expected from a uranyl tricarbonate (e.g., liebigite), and significant residual, insoluble U(VI) remained in the solid phase.
The variability of U incorporation in calcite (see discussion in Supporting Information) makes selecting a spectral standard for U(VI)-bearing calcite from past studies difficult. An alternative approach was to use the spectrum of sample NP 4-1 as a reference standard for U(VI) incorporated into calcite at this site. Similarly, since the spectrum of NPP 2-GW differed from that of a U(VI)-sorbed montmorillonite, and the clay-sized fraction contained multiple phases (6) that might adsorb U (i.e., smectite, illite, muscovite, and chlorite), the use of the spectrum from sample NPP 2-GW as a standard could provide a more realistic reference for the phyllosilicatesorbed component than the use of a U(VI)-sorbed montmorillonite spectrum. Finally, because none of the experimental spectra appeared to represent a sample in which U occurred only in a U(VI) phosphate phase, and since the spectra of the (meta)autunite group minerals are similar (21) , the spectrum of metatorbernite appeared to be an adequate reference standard.
Prior to using the spectra of NP 4-1 and NPP 2-GW as components in a linear-combination fit, the spectra were analyzed structurally (see Supporting Information). The best fit to the spectrum of sample NP 4-1 was consistent with U(VI) substituted into calcite. The spectrum of sample NPP 2-GW was best modeled as a uranyl-carbonato ternary surface complex on the edge of a phyllosilicate mineral. Three-species linear-combination fits of the EXAFS spectra with the spectra of samples NP 4-1 and NPP 2-GW and the metatorbernite standard reproduced the data well (Figure 3b ). The average 2 values from linear-combination fits with these reference standards were lower than in the initial analysis (0.17 vs 0.21), and the component sums were closer to 1 on average (1.02 ( 0.04 vs 0.91 ( 0.05) ( Table 2 ), suggesting that these species are better representations of the phases present. Because it appears the reference spectra used in the initial linearcombination fits were not representative of the true species present, the distribution of phases obtained likely were of poor accuracy, e.g., the identification of U(VI)-sorbed montmorillonite in the upper samples was an artifact. The results from the second round of linear-combination fitting provide a more accurate representation of the true species distribution in these samples. Depth Distribution of Uranium Species. The initially acidic conditions of the copper/uranyl nitrate fuel fabrication wastes (33) allowed migration of copper and uranium through both the vadose zone and aquifer system to the Columbia River (34) . Anecdotal remarks by site personnel indicated that base (e.g., NaOH) was added to the pond waters to neutralize acid and limit the migration of copper to the river, which was evident as green staining around shoreline seeps (35, 36) . Copper(II) and uranium(VI) exhibit comparable and high mobility under acidic conditions. Both of these ions adsorb strongly to Fe, Al, and Mn oxides and layer silicates (mineral components of Hanford sediment) at circumneutral pH [e.g., (2, 3, (37) (38) (39) (40) (41) ] and are prone to precipitation as hydroxide, carbonate, and other mineral phases as pH is increased [e.g., (42) (43) (44) (45) (46) ]. Neutralization of the pond waters decreased migration of copper and uranium through a combination of near-field precipitation and far-field adsorption processes in both the vadose zone and aquifer sediments (1) . These residual sorbed (adsorbed and precipitated) phases were identified by the XAFS measurements in this research.
The subsurface mobility of uranyl, in contrast to Cu 2+ , increases above pH 8 through formation of anionic uranyl triscarbonato [UO 2(CO3)3 2- (38) ] and weakly sorbing calcium uranyl carbonate [Ca2UO2(CO3)3 0 (47)] aqueous complexes. Overneutralization of the pond wastes encouraged the formation of these more-mobile uranium species, which permeated the groundwater system for extended operational periods. In the deeper vadose zone and groundwater, a significant fraction of the dissolved uranium adsorbed to fine-grained materials dominated by the phyllosilicates chlorite and smectite in the coarse-textured sediments (6) . These adsorption complexes yielded the XAFS spectra for NPP 2-GW ( Figure 3 ). TRLFS measurements (1) on deeper vadose zone sediments and groundwater fines with sorbed U(VI) concentrations below those accessible to XAFS showed spectra similar to NPP 2-GW, indicating a common presence of the adsorbed species.
Overneutralization of the waste ponds also left a mineralogic legacy of a high abundance of calcite in the nearsurface sediments (NP 4-1 and 4-2). Some of these pond sediments contained as much as 35 wt % calcite, concentrations that far exceeded those in comparable Hanford sediments (25) . Calcite supersaturation and precipitation occurred in basic waste solutions and porewater through absorption of atmospheric CO2(g) and mass-action displacement of Ca 2+ by Na + from the phyllosilicate exchanger phase. Uranyl-carbonate complexes evidently coprecipitated with the calcium carbonate under periodically high pH conditions, yielding the XAFS spectra for samples NP 4-1, 4-2, and 1-4.5. TRLFS measurements on these sediments imply the localization of U(VI) in both calcite-and aragonite-like structural domains in the calcium carbonate (7) . We speculate that the extent, and possibly the rate, of calcite precipitation decreased with depth below the pond interface as the sediment-water reaction reduced the extent of calcite supersaturation by pH neutralization through silicate mineral dissolution and calcium carbonate precipitation. Our measurements indicated that both the amount and the fractional distribution of uranyl in the carbonate phase decreased with depth.
At intermediate depths in the vadose zone, the pH and porewater concentrations during pond operation were evidently conducive to the formation of metatorbernite. Unfortunately, vadose zone porewaters were not collected or analyzed during the lifetime of pond operation, so discussions on the formation process of this unusual phase are speculative. It is believed that the U, Cu, and P present in this phase all originated from waste releases, possibly at different times. Although the results of the linear-combination fitting of the EXAFS spectra suggested that this phase was present in multiple samples, it only occurred as a major component in sample NPP 2-4 ( Table 2 ). We estimated the original depth of this zone to be 3-4 m below the waste pond. The small U-rich particles observed by EMP in samples NPP 2-0.5 and NPP 2-4 could also be grains of this U(VI)phosphate phase, but the EXAFS data are not of sufficient quality to quantify the distribution of these particles with depth. However, we have confidence that this phase was present, as µEXAFS spectroscopy and X-ray microdiffraction measurements on these same samples support the presence of metatorbernite (Yuji Arai, personal communication). Metatorbernite is one (the copper analogue) of the autunite group of minerals that have the general formula M(UO2)2-(PO4)2‚(8-12H2O), where M is a divalent, exchangeable interlayer cation consisting of Ba, Ca, Cu(II), Fe(II), Mg, Mn-(II), or Ni (48, 49) . It was, therefore, surprising to us that no other mineral phases in this series, such as autunite itself [Ca(UO2)2(PO4)2‚(11H2O)], were observed in the depth sequence, given the high levels of alkali earth cations present in the near-surface sediments (e.g., NP 4-1 and 4-2). U(VI)-phosphates have low solubility (48, 50, 51) , and their formation and presence is believed to limit U(VI) concentrations in vadose zone or aquifer waters (52) (53) (54) . The localization of metatorbernite at its observed depth suggests that the geochemical conditions (e.g., pH, ion composition/concentration) were inappropriate for precipitation in the calcium carbonate formation zone, or that some of the many other waste chemical constituents inhibited its formation. It is also possible that other reactions in the calcium carbonate zone, such as malachite formation [Cu2(OH)2CO3] (observed by X-ray microdiffraction, unpublished data) and phosphate precipitation (as a calcite coprecipitate, a distinct calcium phosphate phase such as brushite, or an Al-phosphate such as augellite), lowered Cu and P activities below those necessary for metatorbernite nucleation and formation.
Torbernite and metatorbernite have been identified in two locations as paragenetic products of uranium ore weathering (48, 52, 55) . In both of these locations, metatorbernite was significantly undersaturated with currently circulating groundwaters, indicating synthesis under different geochemical conditions. Murakami et al. (52, 55) suggested a surface precipitation formation mechanism in physically isolated microenvironments where U, Cu, and P were concentrated by sorption to ferrihydrite, a weathering product of chlorite. Recrystallization of ferrihydrite was proposed to drive metatorbernite precipitation over extended time periods by sustained release of the necessary cations and anions. These conditions do not appear to have been met within the Hanford process-pond environment. Our observation of metatorbernite as a relatively rapidly formed product of nuclear waste release is unique, and continued research at this site seeks to identify plausible formation conditions and mechanisms, which appear to be complex.
Implications for Future Uranium Transport. Excavation as part of source term removal and remediation efforts at the site removed much of the uranium associated with calcite. Because adsorbed U(VI) is the dominant uranium species in the remaining contaminated sediments, adsorption/desorption processes will dominate the future fate and transport of uranium at the site, although the presence of other forms of uranyl microprecipitates cannot be fully discounted from our analyses. Local groundwater has Ca 2+ and CO3 2concentrations close to saturation with respect to calcite (6) . These species readily complex U(VI) (56, 57) , inhibiting its reaction with solid phases and bacteria, promoting desorption, and increasing its transport potential (58, 59) . Thus, conditions are favorable for desorption of U(VI) to continue, and the groundwater uranium plume may be sustained soon if sufficient volumes of water contact the contaminated sediments through vadose zone recharge or water table fluctuations. Additional kinetic studies of U(VI) adsorption and desorption processes at the Hanford site, like the studies performed on sediments from the nearby South Process Pond (6), will shed light on the time scales for, and concentration expected from, uranium desorption.
